These two cohorts were designed to examine the increasing burden of chronic diseases among Korean populations. The studies investigated determinants for stroke, osteoporosis, dementia and cancer among middle-aged and elderly Korean populations. The Namwon Study baseline survey was performed between 2004 and 2007 (n ¼ 10 667), and followed up 4 years later (n ¼ 8157, follow-up rate ¼ 76.5%). The baseline survey of the Dong-gu Study was administered over 2007-2010 (n ¼ 9260), and will be followed up between 2014 and 2015. Questionnaires included assessment of cognitive function, psychiatric health and lifestyle factors. Clinical examinations, biochemical tests and genotyping focused on evaluating the determinants of target diseases and their intermediate phenotypes. Potential collaborators will be invited to contact the chief investigators.
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Why were the cohorts set up?
The increasing burden of ageing-related chronic diseases, including cardiovascular disease, osteoporosis, dementia and cancer, is one of the major public health issues Korea is facing now. 1 Although mortality from stroke has been steadily decreasing, it is still the second most common cause of death, comprising about 15% of the total deaths in Korea. The prevalence of osteoporosis in Koreans aged 50 years and older was 35 .5% in women and 7.5% in men, and the risk of osteoporotic fracture is increasing. [2] [3] [4] Dementia prevalence in those aged over 65 years was found to be more than 8%. 5 Cancer has been the most common cause of death in Korea for several decades; incidence and mortality of cancer have persistently increased and are predicted to remain high. 6 It is well known that these ageing-related chronic diseases have a multifactorial aetiology including both environmental factors and predisposing genetic factors. Although some environmental factors have been well established to be associated with the risk of chronic diseases, many factors remained to be discovered. Genetic factors for ageing-related chronic diseases have been an important focus of modern epidemiological research. Prospective studies based on Korean populations, one of the epidemiologically under-explored populations, are valuable to complete the jigsaw puzzle for aetiology of the target diseases. 7 Two cohort studies, the Namwon Study (NWS) and the Dong-gu Study (DGS), were designed to investigate determinants of the occurrence and progression of cardiovascular diseases, osteoporosis, dementia and cancer among middle-aged or elderly Koreans. Standardized questionnaires for demographics, lifestyle factors, medical history, family history, dietary factors and quality of life (QOL) were administered by well-trained interviewers. Intermediate phenotypes for atherosclerosis, bone mineral density (BMD), cognition function, genetic polymorphisms and other related clinical parameters were measured during the baseline survey. Measurements were focused to identify environmental or genetic determinants of the target diseases and their intermediate phenotypes, such as carotid intima-media thickness (CIMT), carotid plaque, arterial stiffness, BMD, cognition decline and possible underlying diseases. All medical checkups and questionnaire surveys were performed in the Namwon Medical Center and the Dong-gu Public Health Center based on similar protocols. These studies were initiated by Chonnam National University Medical School with partial funding from Korean Center for Disease Control and Prevention (KCDC) and Ministry of Health and Welfare. The studies were approved by the Institutional Review Boards of Chonnam National University Hospital and Chonbuk National University Hospital.
Who is in the cohorts?
NWS participants are residents of Namwon city, a representative rural area in Jeonbuk province with approximately 90 000 inhabitants, the majority of whom are engaged in agriculture. Table 1 . Groups that were found to be under-represented within the cohort included men, younger age and high-education groups of target populations. The highest response rate in the NWS at baseline was among participants with no education. This could be explained by the high frequency of uneducated participants aged over 60 years. All participants of both cohorts provided written informed consent before the baseline surveys.
How often is follow-up?
The NWS is scheduled to be followed up by repeated examinations at 4-year intervals. Among the 10 667 participants at baseline survey, 8157 participants (3231 men and 4926 women) underwent the first follow-up examinations and questionnaires between September 2007 and February 2012 (follow-up rate ¼ 76.5%; 76.9% for men and 76.2% for women). The median (interquartile range) interval between baseline and follow-up examinations of the NWS was 4.02 (3.86-4.08) years. Comparisons between responders and non-responders at follow-up revealed no difference in sex but lower relative follow-up rates were found in the younger age group (age 45-49 years), participants with no education, current smokers and the group with poor or very poor self-rated health (Table 1) . Participants aged 70-74 years showed the lowest follow-up rate (69.2%), which can be explained by the relatively high number of deaths (157 cases, 9.3%) in this age group. Among the 2510 participants lost to follow-up, 407 (16.2%) were found to have died and 173 (6.9%) had new-onset cancer after baseline examination. To reduce the impact of non-response at follow-up, weighting adjustment should be applied in any analysis of longitudinal data. DGS participants will be followed up during 2014 and 2015. Most measurements which could change during the follow-up period will be repeated in the next follow-up survey of DGS.
What has been measured?
Interviewer-assisted questionnaires Physical activity was assessed using the Korean version of the Baecke questionnaire 8, 9 in NWS and the International Physical Activity Questionnaire 10 in DGS. To assess QOL, the EuroQOL 5-dimensions (EQ-5D), validated in a previous study 11 and developed into a Korean version, 12 was used. Cognitive function was investigated by the Korean version of the modified Mini-Mental State Examination (K-mMMSE). 13 Neurologists supervised throughout the examinations and administered the final scoring of K-mMMSE. Demographic information, health behaviours, perceived health status, EQ-5D, medical history, and cognitive function with K-mMMSE were repeated in the follow-up survey of NWS. To collect more detailed data for dementia, the Korean Dementia Screening Questionnaire, Instrumental Activities Daily Living, and Global Deterioration Scale were added in the NWS follow-up survey. In Table 1 Comparisons between participants and corresponding general populations, and between responders and non-responders of follow up survey of the Namwon Study (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) the DGS, cognitive function was measured using Mini-Mental State Examination-Korean version (MMSE-K). MMSE-K was conducted for participants aged 60 and older (n ¼ 3235). Written protocol for questionnaires in both studies was developed before the baseline survey and strictly enforced in both phases (Table 2) .
Physical or clinical examinations
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured three times with a minute interval using customized cuffs for individual arm circumference. Body composition data, such as body fat mass, lean mass and percentage of fat mass, were obtained using bioelectric impedance analyser, Inbody 3.0 in NGS and Inbody 520 in DGS. 14 To validate these data, body composition was also measured by dual-energy X-ray absorptiometry (DXA) (Prodigy; GE Lunar, WI, USA). A PageWriter-200 (Hewlett-Packard, MA, USA) was used to record the electrocardiogram (ECG). Heart rate, pulse rate interval, QRS duration, QT interval and corrected QT interval were obtained from ECG records. Ultrasound scanning to image capture for measuring CIMT and to determine the presence of plaque in both carotid arteries, including the common carotid artery (CCA), carotid bulb and internal carotid artery, was administered by trained physicians using B-mode ultrasound scanners (SONOACE 9900; Medison, Seoul, Korea) with an electrical linear array transducer (7.5 MHz). End-diastolic images were captured and saved as digital files to measure CIMT. CIMT was determined following the guideline of Mannheim Intima-Media Thickness Consensus. 15, 16 Plaque status was determined during the scanning and updated by reading digital images. The presence of carotid plaque was defined as focal structure that encroached into the lumen by at least 100% of the surrounding intima-media thickness (IMT) value. 17 Measurements using captured images were administered by a single reader with an imaging analyser program (SigmaScan Pro; SPSS, IL, USA).
Two ultrasonography technicians conducted repeated ultrasound examinations to ensure reproducibility (n ¼ 189). Correlation coefficients for interand intra-examiner variability were 0.86 and 0.90 for CCA-IMT, and 0.87 and 0.95 for CCA diameter. Kappa coefficients were 0.76 for inter-examiner agreement and 0.85 for intra-examiner agreement. Ankle brachial index (ABI) and brachial artery pulse wave velocity (baPWV) were assessed after 5 minutes' rest in the supine position using an automatic device (VP-1000; Colin, Tokyo, Japan). Echocardiography using M-mode ultrasound (Accuvix XQ; Medison) and measurement of carotid artery diameter (CAD) were added in DGS. Echocardiography was administered by trained physicians according to the guidelines of the American Society of Echocardiography 18 and left ventricular mass index (LVMI) was calculated according to the Penn convention.
19 BMD measurements were made at central skeletal sites (both femurs and lumbar spine) and peripheral skeletal sites (distal forearm of left side and calcaneus of right side) using DXA devices. Central BMD in the NWS baseline survey was measured with DPX Bravo (GE Lunar, n ¼ 2449) or with Lunar Prodigy (GE Lunar, n ¼ 6135). Central BMD in NWS follow-up and DGS baseline survey was assessed with the same scanner (Lunar Prodigy). Peripheral BMD was measured using a PIXI densitometer (GE Lunar) only in NWS. Daily calibration of each DXA scanner was performed in accordance with the manufacturer's guidelines. Our GE Lunar prodigy densitometer was cross-calibrated with other international data. 20 Venous blood samples and urinary specimens were taken after 12 hours' overnight fasting. Subsequent laboratory processes, including complete blood cell counts (CBC), separation and yielding aliquots of serum, plasma and buffy coat, were performed on site. Serum was separated within 30 min with high-speed cold centrifuge machines. CBC were determined utilizing fresh ethylenediaminetetraacetic acid (EDTA) samples using a haematology analyser (Micros 60; ABX, Montpellier, France) within 30 min after blood draw. The other samples were transported to the biorepository in Chonnam National University Hwasun Hospital in an insulated icebox and cryopreserved at À708 C until analysed. Fasting glucose, lipid profiles, liver enzymes, renal function markers and bilirubin were analysed using enzymatic assay with an automatic analyser (Hitachi-7600; Hitachi, Japan). Haemoglobin A1c levels were analysed by high-performance liquid chromatography using the VARIANT II system (Bio-Rad; Hercules, CA, USA). High-sensitive serum C-reactive protein was measured by latex-enhanced nephelometry using a high-sensitivity assays analyser (Behring Nephelometer II; Dade-Behring Diagnostics, Marburg, Germany). The chemiluminescent microparticle immunoassay on an automatic analysis system was used to check serological markers. ARCHITECT (Abbott Laboratories, IL, USA) was used for sex hormone and AxSYM (Abbott Laboratories) for insulin, folate, thyroid hormones and plasma homocysteine.
Urinary albumin was measured with immunotubidimetry and urinary creatinine with Jaffé method on an automated analyser (Hitachi-7600). Genomic DNA was extracted from the peripheral blood using a QIAamp DNA Mini Kit (Qiagen, Valencia, CA, USA) according to manufacturer's protocol. Apolipoprotein E (APOE) genotypes were determined as described by Hixson and Vernier, with slight modification. 21 Methylenetetrahydrofolate reductase (MTHFR) genotypes were determined by real-time polymerase chain reaction 22 (Table 3) .
Ancillary studies
A food frequency questionnaire (FFQ) was developed in the KCDC for population-based epidemiological studies and has been validated in a previous report. 23 Nutrient intakes were calculated using the 7th edition of the Food Composition Table of Korea. 24 Restless Leg Syndrome (RLS)-related instruments including International RLS criteria, IRLS Study Group Rating Scale and Pittsburgh Sleep Quality Index were assessed in follow-up survey. Anteroposterior extended-view weight-bearing radiographs of the knee joint were performed for osteoarthritis study (n ¼ 2462). To evaluate sudden cardiac death-related findings including WolffParkinson-White syndrome, long QT syndrome, Burgada syndrome, early repolarization, and atrial fibrillation, digitalized ECG readings are currently in progress by cardiologists. To evaluate the association between periodontal disease and chronic disease, periodontal examination is carried out for DGS participants (n ¼ 5621).
Case ascertainment
Biennial telephone survey to identify the incident cases of target disease among the all cohort participants was commenced after baseline survey and is ongoing. To minimize false cases or missed cases, linkage to various official registry data was performed annually. To identify new or prevalent stroke cases among Namwon cohort participants, a populationbased stroke registry system was established in 2004 which registers all incident cases since 1998. Medical records of all possible stroke cases were reviewed by research staff members. A neurologist confirmed the diagnosis and clinical type of stroke through data extracted from medical records. Population-based cancer registries, Gwangju Cancer Registry 25 and Jeonbuk Cancer Registry, were used to identify cancer cases among the participants of DGS and NWS, respectively. Self-reported fracture occurrence was confirmed by reviewing medical records. Vertebral fractures were included only if the clinical history suggested a recent symptomatic fracture. Fractures caused by a motor vehicle accident were excluded. Reported death cases were confirmed by data-linkage to National Death Certificates from the Statistics Korea and Community offices.
What has been found?
Bone mineral density NWS provided population-based reference data for the quantitative ultrasound (QUS) parameters and forearm and calcaneus BMD by DXA. Correlations between the QUS and BMD results were 0.41 to 0.73 in men and 0.51 to 0.76 in women. 26 Population-based reference data were provided for central skeletal sites. The standardized prevalence of osteoporosis among individuals aged 50-79 years in lumbar spine and femoral neck was 40.1% and 12.4% in women, and 6.5% and 5.9% in men, respectively. 2 Genetic studies NWS demonstrated that carriers of the APOE E2 allele had lower total cholesterol (P-value: 0.045 in men and <0.001 in women) and low-density lipoprotein cholesterol concentrations (P-value: <0.001 in both sexes) than did carriers of the APOE E3 or APOE E4 alleles. 21 No evidence was found of an association between knee osteoarthritis and four single nucleotide polymorphisms (DVWArs7639618, GDF5 rs143383, ADAM12 rs3740199, and LRCH-1 rs912428) identified from candidate gene-based or genome-wide association study.
27-29

Atherosclerotic phenotypes
The prevalence of a low ABI (<0.90) was 2.2% in men and 1.8% in women. A high ABI (51.30) was observed in 3.1% and 0.8% of men and women, respectively. Cardiovascular risk factors such as age, smoking habits, hypertension, SBP, DBP, obesity, serum glucose levels and carotid plaques were associated with low ABI. 30 Metabolic syndrome independently correlates with carotid atherosclerosis and carotid enlargement, and the effect of metabolic syndrome on carotid atherosclerosis is more pronounced in women than in men. 31 Former and current smokers had higher risk for peripheral arterial disease Clinical test Blood pressure, ECG, ankle-brachial index, brachial artery pulse-wave velocity, carotid artery intima-media thickness, carotid plaque, BMD of both femur and lumbar spine by DXA (both cohorts), BMD of calcaneus and distal forearm by DXA, quantitative ultrasound of calcaneus (Namwon cohort), retinogram, knee joint X-ray, echocardiogram, carotid artery diameter, periodontal examination, panoramic radiograph (Dong-gu cohort), chest X-ray (Namwon cohort)
Laboratory test Fasting serum glucose, insulin, haemoglobin A 1 c, lipid profiles (total cholesterol, high-density lipoprotein cholesterol, triglyceride), thyroid function markers (thyroid-stimulating hormone and free T4), liver enzymes (aspartate aminotransferase, alanine aminotransferase, gamma glutamyltransferase), renal function markers (blood urea nitrogen, creatinine, uric acid), bilirubin, high-sensitive C-reactive protein, CBC, fasting urine albumin, creatinine (both cohorts), serum folate, sex hormones (estradiol, testosterone, sex hormone-binding globulin) (Namwon cohort), fasting plasma homocysteine (Namwon cohort, partially in Dong-gu cohort)
Genotyping Genetic polymorphism, methylenetetrahydrofolate reductase C677T, apolipoprotein E (both cohorts), angiotensin converting enzyme gene insertion/deletion (Namwon cohort)
Follow-up survey (Namwon cohort)
Anthropometrics Height, body weight, waist circumference, hip circumference, body compositions, grip strengths
Clinical test Blood pressure, ECG, ankle-brachial index, brachial artery pulse-wave velocity, carotid artery intima-media thickness, carotid plaques, BMD of femur, lumbar spine, calcaneus and distal forearm by DXA, retinogram
Laboratory test Fasting serum glucose, haemoglobin A1c, lipid profiles, liver enzymes, renal function markers, bilirubin, CBC, fasting urine albumin, creatinine ECG, electrocardiogram; BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry; CBC, complete blood count. Cumulative smoking exposure was also a risk factor for carotid atherosclerosis. 17 Alcohol consumption was inversely related to CIMT and positively related to carotid plaques in men, but not women. However, alcohol intake was positively associated with CCA-diameter in both men and women (P-values for trend <0.001 and 0.020, respectively). 33 Estimated glomerular filtration rate (eGFR) was associated with carotid plaque, PAD, baPWV and LVMI but not with CCA-IMT independent of albuminuria. 34 The presence of carotid artery calcification on panoramic radiographs was associated with PAD (OR, 1.84; 95% CI, 1.01-3.36). 35 The overall prevalence of albuminuria [urine albumin-to-creatinine ratio (UACR) 5 3.5 mg/mmol] was higher in women than in men, and increased with age in both sexes. UACR was positively associated with cardiovascular risk factors, including blood pressure, obesity indexes, total cholesterol level and eGFR. 36 Higher UACR values within the normal range were positively and independently associated with CIMT. 37 Distributions of baseline characteristics and clinical parameters according to sex and cohorts are described in Table 4 .
THE NAMWON AND DONG-GU STUDY
What are the main strengths and weaknesses?
The first strength is the wide spectrum of data that has been collected from the two cohorts using standardized protocol and well-validated instruments. Baseline and repeated measurements for environmental factors and clinical parameters, evaluation of genetic susceptibility and monitoring outcomes will be useful for studying aetiological factors for target diseases. Second, collaboration of the two cohorts, based on urban or rural populations, can increase the generalizability of results. Third, official or research databases such as cancer registry data, National Death Certificates and stroke registry data are available to identify outcomes.
The main weaknesses of this study are the low participation and follow-up rates and differences between responders and non-responders, which made our data vulnerable to bias. Our findings should therefore be interpreted and generalized with caution. Pooling of data from the two complementary cohorts and combining our data with those derived from population-based surveillance systems, such as cancer, stroke, osteoporotic fracture and death, may help to minimize the effects of possible selection bias in the baseline survey and non-response bias in follow-up examinations. Second, some differences of study design exist between two cohorts, including age range of participants, follow-up interval and calendar time.
Can I use the data?
All data sets are stored electronically in anonymous form. Biospecimens including serum, urine, plasma, buffy coat and extracted DNA were aliquoted and banked at under -708C. Currently, these data are available only to study members, although our research committee will welcome any enquiries of collaboration or data sharing for further investigation. Potential collaborators are invited to contact the principal investigators (PI) of the two studies (S.S.K., PI of the NWS, ujingogo@paran.com; M.H.S., PI of the DGS, mhshinx@paran.com). Conflict of interest: None declared.
Funding
KEY MESSAGES
The Namwon study (NWS) and Dong-gu study (DGS) have provided population-based reference data regarding bone mineral density, mini-mental state examination, ankle-brachial index, urine albumin-to-creatinine ratio (UACR), and estimated glomerular filtration rate (eGFR). They have also contributed to estimates of the burden of diseases in Korea.
The NWS and DGS have confirmed that alcohol drinking is inversely associated to carotid intima-media thickness (CIMT) and plaques in men and positively correlated with common carotid artery diameter in both sexes.
THE NAMWON AND DONG-GU STUDY eGFR was associated with carotid plaques, peripheral arterial disease, arterial stiffness and left ventricle mass index. UACR was positively associated with CIMT, even within the normal range for UACR.
NWS findings confirm that carriers of the apolipoprotein E(APOE) E2 allele have lower total and low-density lipoprotein cholesterol levels than carriers of the APOE E3 or APOE E4 alleles. The DGS reported null associations between osteoarthritis and four single nucleotide polymorphisms identified in candidate gene-based or genome-wide association studies.
